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(67)  An occupant detection device (1) includes: an
acquisition unit (101) configured to acquire, based on an
intensity of a reflected wave generated when a transmis-
sionwave transmitted toward an interior of a moving body
is reflected by an object present in the interior, point cloud
information indicating a three-dimensional-coordinate
position of the object moving in the interior as a point
cloud including a plurality of detection points; a genera-
tion unit (102) configured to generate, based on the point
cloud information, a seat row map for each seat row in-

cluding a plurality of seating regions, the seat row map
indicating a distribution of the detection points in a plane
region corresponding to an arrangement direction of the
plurality of seating regions and a height direction of the
moving body; a setting unit (103) configured to set, on
the seat row map, an upper end line along an upper end
portion of a plane point cloud including two or more of
the detection points; and an estimation unit (104) config-
ured to estimate the number of occupants for each seat
row based on a shape feature of the upper end line.
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Description
TECHNICAL FIELD

[0001] Thisdisclosure relatestoan occupantdetection
device and an occupant detection method.

BACKGROUND DISCUSSION

[0002] In a vehicle control system or the like, a device
that detects an occupant present in a vehicle interior is
used. For such a device, a technique of detecting the
number of occupants or the like based on data acquired
by an electromagnetic wave sensor installed in a vehicle
interior and transmitting and receiving electromagnetic
waves, and a seating sensor installed in each seat is
used.

[0003] Examples of the related art include JP
2021-189011A.
[0004] However, according to the technique in related

art as described above, when the occupant is not seated
at a regular seating position, the occupant may not be
accurately detected.

[0005] A need thus exists for an occupant detection
device and an occupant detection method by which an
occupant can be detected with high accuracy regardless
of a seating position of the occupant.

SUMMARY

[0006] According to an aspect of this disclosure, an
occupant detection device includes: an acquisition unit
configured to acquire, based on an intensity of a reflected
wave generated when a transmission wave transmitted
toward an interior of a moving body is reflected by an
object present in the interior, point cloud information in-
dicating a three-dimensional-coordinate position of the
object moving in the interior as a point cloud including a
plurality of detection points; a generation unit configured
to generate, based on the point cloud information, a seat
row map for each seat row including a plurality of seating
regions, the seat row map indicating a distribution of the
detection points in a plane region corresponding to an
arrangement direction of the plurality of seating regions
and a height direction of the moving body; a setting unit
configured to set, on the seat row map, an upper end line
along an upper end portion of a plane point cloud includ-
ing two or more of the detection points; and an estimation
unit configured to estimate the number of occupants for
each seatrow based on a shape feature of the upper end
line.

[0007] According to the above configuration, the
number of occupants is estimated for each seat row
based on the shape feature of the upper end line set on
the seat row map generated for each seat row. Accord-
ingly, an occupant can be detected with high accuracy
regardless of a seating position of the occupant.

[0008] In the above configuration, the estimation unit
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may estimate the number of occupants based on the
number of upward protruding peaks of the upper end line.
[0009] According to the above configuration, the
number of occupants can be estimated with high accu-
racy based on the number of peaks each corresponding
to the head of an occupant.

[0010] In the above configuration, the estimation unit
may estimate a seating position of an occupant based
on a position of the peak in the arrangement direction.
[0011] According to the above configuration, the seat-
ing position of the occupant can be estimated with high
accuracy based on the position of the peak correspond-
ing to the head of the occupant.

[0012] Inthe above configuration, the setting unit may
set the upper end line based on the detection points
among two or more of the detection points included in
the plane point cloud which are present in a region above
a first threshold higher than a seat surface by a prede-
termined distance.

[0013] According to the above configuration, errone-
ous detection due to an influence of a moving object (for
example, baggage) other than the head of the occupant
can be prevented, and detection accuracy can be im-
proved.

[0014] In the above configuration, the estimation unit
may estimate a physique of an occupant based on a po-
sition in a height direction of a corresponding upward
protruding peak of the upper end line and a second
threshold set above the first threshold.

[0015] According to the above configuration, the phy-
sique of the occupant can be estimated with high accu-
racy based on the position of the peak corresponding to
the head of the occupant.

[0016] Inthe above configuration, the setting unit may
setthe upperend line by performing a smoothing process
on values of two or more of the detection points which
are located at the upper end portion of the plane point
cloud.

[0017] Accordingtothe above configuration, a partoth-
er than the head can be prevented from appearing as a
peak, and the detection accuracy can be improved.
[0018] According to another aspect of this disclosure,
an occupant detection methodincludes: acquiring, based
on an intensity of a reflected wave generated when a
transmission wave transmitted toward an interior of a
moving body is reflected by an object present in the in-
terior, point cloud information indicating a three-dimen-
sional-coordinate position of the object moving in the in-
terior as a point cloud including a plurality of detection
points; generating, based on the point cloud information,
a seat row map for each seat row including a plurality of
seating regions, the seatrow map indicating a distribution
of the detection points in a plane region corresponding
to an arrangement direction of the plurality of seating
regions and a height direction of the moving body; setting
an upper end line along an upper end portion of a plane
point cloud including a plurality of the detection points on
the seat row map; and estimating the number of occu-
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pants for each seat row based on a shape feature of the
upper end line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The foregoing and additional features and char-
acteristics of this disclosure will become more apparent
from the following detailed description considered with
the reference to the accompanying drawings, wherein:

FIG. 1 is a side view showing an example of a con-
figuration of a vehicle interior of a vehicle on which
an occupant detection device according to an em-
bodiment is mounted;

FIG. 2 is a block diagram showing an example of a
hardware configuration of the occupant detection de-
vice according to the embodiment;

FIG. 3 is a block diagram showing an example of a
functional configuration of the occupant detection
device according to the embodiment;

FIG. 4 is a diagram showing an example of point
cloud information according to the embodiment;
FIG. 5 is a diagram showing an example of a seat
row map and an upper end line according to the em-
bodiment;

FIG. 6 is a diagram showing an example of an upper
end line in a case in which an occupant is not seated
at a regular seating position in the embodiment; and
FIG. 7 is a flowchart showing an example of a proc-
ess performed by the occupant detection device ac-
cording to the embodiment.

DETAILED DESCRIPTION

[0020] Hereinafter, an exemplary embodiment dis-
closed here will be disclosed. Configurations of the em-
bodiment described below, and operations, results, and
effects provided by the configurations are examples. This
disclosure can be implemented by configurations other
than those disclosed in the following embodiment, and
at least one of various effects based on a basic configu-
ration and derivative effects can be obtained.

[0021] FIG. 1 is a side view showing an example of a
configuration of a vehicle interior R of a vehicle C in which
an occupant detection device 1 according to the embod-
iment is mounted. In the drawing, an X direction corre-
sponds to a direction from a rear portion to a front portion
of the vehicle C, a Y direction corresponds to a direction
from a left side surface to a right side surface of the ve-
hicle C, and a Z direction corresponds to a direction from
a lower portion to an upper portion of the vehicle C.
[0022] The vehicle C is an example of a moving body,
and may be, for example, an automatic vehicle using an
internal combustion engine, a motor, or both the internal
combustion engine and the motor (a hybrid mechanism)
as a drive source. The vehicle C according to the present
embodiment is a so-called three-row seat vehicle, and
includes a first seat row SR1, a second seat row SR2,
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and a third seat row SR3. The first seat row SR1 includes
a driver seat and a passenger seat.

[0023] The occupantdetectiondevice 1is adevice that
detects an occupant present in the vehicle interior R. In
the present embodiment, the occupant detection device
1 that detects an occupant present behind the first seat
row SR1, that is, present in the second seat row SR2 and
the third seat row SR3 will be described.

[0024] Theoccupantdetectiondevice 1includesasen-
sor 2 and an information processing device 3. The sensor
2 isinstalled on a ceiling 5 of the vehicle C, and transmits
a transmission wave toward the vehicle interior R and
receives a reflected wave generated when the transmis-
sion wave is reflected by an object in the vehicle interior
R. The sensor 2 according to the present embodiment is
installed behind a backrest part of the first seat row SR1,
and is located substantially above a backrest part of the
second seat row SR2 in the example shown in FIG. 1.
The information processing device 3isinstalledin a dash-
board and is connected to the sensor 2 via a network
such as a controller area network (CAN). The installation
positions of the sensor 2 and the information processing
device 3 are not limited to the above examples. A plurality
of sensors 2 may be provided.

[0025] FIG. 2 is a block diagram showing an example
of a hardware configuration of the occupant detection
device 1 according to the embodiment. The sensor 2 in-
cludes a transmitter 21, a receiver 22, an electronic con-
trol unit (ECU) 23, and an input and output unit 24. The
transmitter 21 is a device that transmits (emits) an elec-
tromagnetic wave with a predetermined frequency (for
example, 60 GHz to 65 GHz) to the vehicle interior R as
a transmission wave. The receiver 22 is a device that
receives a reflected wave generated when the transmis-
sion wave is reflected by an object present in the vehicle
interior R and generates an electrical signal indicating an
intensity of the reflected wave. The transmitter 21 and
the receiver 22 may be implemented using, for example,
an oscillation circuit, a piezoelectric element, an AD con-
verter, an amplifier, or a filter circuit. The transmitter 21
and the receiver 22 may be implemented separately or
integrally. The ECU 23 is a microcontroller including a
CPU, a memory, and the like, and executes processes
related to control on the transmitter 21 and the receiver
22, generation of data based on the reflected wave re-
ceived by the receiver 22, and the like. The input and
outputunit24 is aninterface device thatestablishes com-
munication, which conforms to a predetermined standard
such as CAN, with the information processing device 3
and other devices.

[0026] The information processing device 3 includes a
central processing unit (CPU) 31, a memory 32, and an
input and output unit 33. The CPU 31 executes various
calculation processes according to programs stored in
the memory 32. The memory 32 may include an appro-
priate volatile memory and an appropriate nonvolatile
memory. The memory 32 stores programs for causing
the CPU 31 to execute various processes for implement-
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ing functions of the occupant detection device 1, setting
data, data acquired from the sensor 2, data generated
by the CPU 31, and the like. The input and output unit
33isaninterface device that establishes communication,
which conforms to a predetermined standard such as
CAN, with the sensor 2 and other devices.

[0027] The hardware configuration shown in FIG. 2 is
an example, and the hardware configuration of the oc-
cupant detection device 1 is not limited to the above ex-
ample.

[0028] FIG. 3 is a block diagram showing an example
of a functional configuration of the occupant detection
device 1 according to the embodiment. The occupant
detection device 1 according to the present embodiment
includes an acquisition unit 101, a generation unit 102,
a setting unit 103, and an estimation unit 104. The func-
tional units 101 to 104 may be implemented by cooper-
ation of, for example, hardware as shown in FIG. 2 and
software (programs). A part or all of the functional units
101 to 104 may be implemented by dedicated hardware
(circuits or the like) such as an application specific inte-
grated circuit (ASIC) and a field-programmable gate ar-
ray (FPGA).

[0029] The acquisition unit 101 acquires, based on the
intensity of the reflected wave received by the sensor 2,
point cloud information indicating a position of an object
(moving object) moving in the vehicle interior R as a point
cloud including a plurality of detection points on a three-
dimensional map corresponding to a space in the vehicle
interior R.

[0030] FIG.4isadiagram showing an example of point
cloud information 201 according to the embodiment. The
point cloud information 201 exemplified here is informa-
tion obtained by plotting, as detection points P, a plurality
of points (for example, voxels) corresponding to a posi-
tion of a moving object (for example, a region occupied
by a moving part of the body of an occupant 10) on the
three-dimensional map (for example, a voxel map) cor-
responding to the space in the vehicle interior R. What
kind of points (for example, voxels) will be the detection
point P is determined based on preset conditions or the
like relating to the reflected wave, and for example, the
detection point P may be a point or the like at which an
amount of change per unit time in the intensity of the
reflected wave is larger than a predetermined threshold.
[0031] FIG. 4 shows a case in which three seating po-
sitions S21 to S23 are set on the second seat row SR2,
two seating positions S31 and S32 are set on the third
seat row SR3, and an occupant is seated at the seating
position S23 on a right end of the second seat row SR2.
In such a case, as shown in FIG. 4, a point cloud G in-
cluding a plurality of detection points P corresponding to
the body (for example, the head, the chest, the back, and
the shoulder) of the occupant appears in a part of the
three-dimensional map corresponding to a space above
the seating position S23. The point cloud information 201
may include information on the point cloud G, for exam-
ple, information indicating a position of each detection
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point P (plotting position), the number of detection points
P in a predetermined region (plotting number), a plotting
position, a time-series change in the plotting number, and
the like.

[0032] The generation unit 102 (see FIG. 3) generates
a seat row map for each of the seat rows SR2 and SR3
based on the point cloud information 201 acquired by the
acquisition unit 101. The seat row map shows a distribu-
tion of the detection points P in a plane region corre-
sponding to an arrangement direction (the Y direction in
the present embodiment) of the plurality of seating posi-
tions S21 to S23, S31, and S32 and a height direction
(the Z direction in the present embodiment) of the vehicle
C. That is, in the present embodiment, a seat row map
indicating a distribution of the detection points P in a plane
region (Y-Z plane) corresponding to the second seat row
SR2 and a seat row map indicating a distribution of the
detection points P in a plane region corresponding to the
third seat row SR3 are generated.

[0033] Thesettingunit103 setsanupperend line along
an upper end portion of a plane point cloud including a
plurality of detection points P on a seat row map gener-
ated by the generation unit 102.

[0034] The estimation unit 104 estimates the number
of occupants for each of the seat rows SR2 and SR3
based on a shape feature of the upper end line set by
the setting unit 103. The estimation unit 104 estimates a
seating position of the occupant for each of the seat rows
SR2 and SR3 based on the shape feature of the upper
end line. The estimation unit 104 estimates a physique
of the occupant based on the shape feature of the upper
end line. The estimation unit 104 generates occupant
information indicating the estimated number of occu-
pants, the estimated seating position, the estimated phy-
sique, and the like. The occupant information may be
used in various applications, and may be used in, for
example, a seat belt reminder function.

[0035] FIG. 5 is a diagram showing an example of a
seat row map 301 and an upper end line L according to
the embodiment. The seat row map 301 shown in FIG.
5 shows a distribution of the detection points P in a plane
region Rp (Y-Z plane) corresponding to the second seat
row SR2. The plane region Rp includes three seating
regions R21 to R23 respectively corresponding to the
three seating positions S21 to S23 included in the second
seat row SR2. A plane point cloud Gp is formed by a
plurality of detection points P distributed in the plane re-
gion Rp. The plane point cloud Gp indicates a position
of a moving object such as an occupant present on the
second seat row SR2.

[0036] The upper end line L is set along an upper end
portion of the plane point cloud Gp. The upper end line
L can be set by performing an appropriate smoothing
process on values (values indicating heights) of a plural-
ity of detection points P located at the upper end of the
plane point cloud Gp. The smoothing process is not par-
ticularly limited, and may be, forexample, a process using
an exponential moving average, a simple moving aver-
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age, or the like.

[0037] Three peaks, which are peaks PK1, PK2, and
PK3 each protruding upward (to a positive side in the
height direction), appear on the upper end line L shown
in FIG. 5. It can be estimated that each of the peaks PK1,
PK2, and PK3 corresponds to an upper end portion of a
moving object present in the vehicle interior R, that is,
the head of an occupant. That is, it can be estimated,
based on the upper end line L shown in FIG. 5, that three
occupants are seated on the second seat row SR2. In
this way, the number of occupants can be estimated for
each of the seat rows SR2 and SR3 based on the number
of peaks appearing on the upper end line L.

[0038] Seating positions of the occupants can be esti-
mated based on the positions of the peaks PK1, PK2,
and PK3 in the Y direction (the arrangement direction of
the plurality of seating positions S21 to S23). The three
peaks, which are peaks PK1, PK2, and PK3, on the upper
endline L shownin FIG. 5 are located in the three seating
regions R21 to R23, respectively, so that it can be esti-
mated that the three occupants are seated at the regular
seating positions S21 to S23, respectively. In this way,
a seating position of an occupant can be estimated for
each of the seat rows SR2 and SR3 based on a position
of a peak appearing on the upper end line L.

[0039] Inthe present embodiment, establishment con-
ditions of the peaks PK1, PK2, and PK3 include the fact
that a peak interval D formed between two adjacent
peaks is ensured to be equal to or larger than a prede-
termined distance (for example, 20 cm). Accordingly, the
peaks PK1, PK2, and PK3 corresponding to the heads
of the occupants can be detected with high accuracy.
The upper end line L according to the present embodi-
ment is set based on detection points P, which are
present in a region above a first threshold H1 indicating
a point higher than a seat surface by a predetermined
distance, among the plurality of detection points P includ-
ed in the plane point cloud Gp. The first threshold H1 is
set such that a low region in which the head of a seated
occupant is hardly present is removed from a detection
range. Note that the first threshold H1 may be set based
on the installation position of the sensor 2 (an inner sur-
face of the ceiling 5) or the like. In this case, the first
threshold H1 varies depending on a vehicle height (a
distance from the seat surface to the ceiling 5) or the like,
and may be set at, for example, a position about 60 cm
away downward from the sensor 2. By setting the first
threshold H1, erroneous detection due to an influence of
a moving object other than the head of the occupant (for
example, baggage placed on the seat surface) can be
prevented.

[0040] Physiques of the occupants (for example,
whether the occupantis an adult or a child) are estimated
based on positions of the peaks PK1, PK2, and PK3 in
the height direction and a second threshold H2 set at a
position higher than the first threshold H1. In the example
shown in FIG. 5, the peaks PK1 and PK2 are at positions
higher than the second threshold H2, and the peak PK3
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is at a position lower than the second threshold H2. In
such a case, for example, it can be estimated that occu-
pants corresponding to the peaks PK1 and PK2 are
adults, and an occupant corresponding to the peak PK3
is a child. The second threshold H2 is appropriately set
according to a physique to be estimated, and may be set
based on, for example, a position of the head of a child
having an average physique and seated in a child seat.
Similar to the first threshold H1, the second threshold H2
may be setbased on the installation position of the sensor
2 or the like. In this case, the second threshold H2 varies
depending on the vehicle height or the like, and may be
set at, for example, a position about 36 cm away down-
ward from the sensor 2. By setting the second threshold
H2, a physique of an occupant can be estimated.
[0041] FIG. 6 is a diagram showing an example of the
upper end line L in a case in which an occupant is not
seated at a regular seating position in the embodiment.
Two peaks, which are peaks PK4 and PKS5, appear on
the upper end line L shown in FIG. 6. One peak PK4 is
located between the seating region R21 on a leftend and
the seating region R22 at a center, and the other peak
PKS5 is located in the seating region R23 on a right end.
It can be estimated, based on the upper end line L, that
two occupants are present on the second seat row SR2,
that is, one occupant is seated between the seating po-
sition S21 on the left end and the seating position S22
at the center, and the other occupant is seated at the
seating position S23 on the right end.

[0042] FIG. 7 is a flowchart showing an example of a
process performed by the occupant detection device 1
according to the embodiment. When an occupant detec-
tion process is started, the acquisition unit 101 acquires
the point cloud information 201 based on the intensity of
the reflected wave received by the sensor 2 (S101). The
generation unit 102 generates the seat row map 301 for
each of the seat rows SR2 and SR3 based on the point
cloud information 201 (S102). The setting unit 103 sets
the upper end line L on each seat row map 301 (S103).
[0043] The estimation unit 104 estimates the number
of occupants for each of the seat rows SR2 and SR3
based on the number of peaks (for example, the peaks
PK1 to PK5 as described above) appearing in each upper
end line L (S104), estimates a seating position of an oc-
cupant for each of the seat rows SR2 and SR3 based on
a position of a peak (S105), and estimates a physique of
an occupant based on a position of a peak in the height
direction (S106). Thereafter, the estimation unit 104 gen-
erates occupant information indicating the estimated
number of occupants, the estimated seating position, and
the estimated physique of the occupant, and outputs the
occupant information to a predetermined system, for ex-
ample, a seat belt reminder (S107).

[0044] In the above embodiment, the occupant detec-
tion for the second seat row SR2 and the third seat row
SR3 in the three-row seat vehicle has described, but the
embodiment is not limited thereto. For example, a rear
seat row in a two-row seat vehicle may be targeted, or
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the first seat row SR1 may be targeted.

[0045] As described above, according to the present
embodiment, the number of occupants and the like are
estimated for each of the seat rows SR2 and SR3 based
on the shape feature of the upper end line L set on the
seat row map 301 generated for each of the seat rows
SR2 and SR3. Accordingly, an occupant can be detected
with high accuracy regardless of a seating position of the
occupant.

[0046] A program for causing a computer (the informa-
tion processing device 3) to execute a process for imple-
menting the functions of the occupant detection device
1 according to the embodiment described above may be
stored in a computer-readable storage medium such as
a CD-ROM, a CD-R, a memory card, a digital versatile
disk (DVD), or a flexible disk (FD) in a file of an installable
format or an executable format and may be provided as
a computer program product. The program may be pro-
vided by being stored in a computer connected to a net-
work such as the Internet and being downloaded via the
network. The program may be provided or distributed via
a network such as the Internet.

[0047] The principles, preferred embodiment and
mode of operation of the present invention have been
described in the foregoing specification. However, the
invention which is intended to be protected is not to be
construed as limited to the particular embodiments dis-
closed. Further, the embodiments described herein are
to be regarded as illustrative rather than restrictive. Var-
iations and changes may be made by others, and equiv-
alents employed, without departing from the spirit of the
present invention. Accordingly, it is expressly intended
that all such variations, changes and equivalents which
fall within the spirit and scope of the present invention as
defined in the claims, be embraced thereby.

An occupant detection device (1) includes: an acquisition
unit (101) configured to acquire, based on an intensity of
a reflected wave generated when a transmission wave
transmitted toward an interior of a moving body is reflect-
ed by an object present in the interior, point cloud infor-
mation indicating a three-dimensional-coordinate posi-
tion of the object moving in the interior as a point cloud
including a plurality of detection points; a generation unit
(102) configured to generate, based on the point cloud
information, a seat row map for each seat row including
a plurality of seating regions, the seat row map indicating
a distribution of the detection points in a plane region
corresponding to an arrangementdirection of the plurality
of seating regions and a height direction of the moving
body; a setting unit (103) configured to set, on the seat
row map, an upper end line along an upper end portion
of a plane point cloud including two or more of the de-
tection points; and an estimation unit (104) configured to
estimate the number of occupants for each seat row
based on a shape feature of the upper end line.
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Claims

1.

An occupant detection device (1) comprising:

an acquisition unit (101) configured to acquire,
based on an intensity of a reflected wave gen-
erated when a transmission wave transmitted
toward an interior of a moving body is reflected
by an object present in the interior, point cloud
information indicating a three-dimensional-co-
ordinate position of the object moving in the in-
terior as a point cloud including a plurality of de-
tection points;

a generation unit (102) configured to generate,
based on the point cloud information, a seat row
map for each seat row including a plurality of
seating regions, the seat row map indicating a
distribution of the detection points in a plane re-
gion corresponding to an arrangement direction
of the plurality of seating regions and a height
direction of the moving body;

a setting unit (103) configured to set, on the seat
row map, an upper end line along an upper end
portion of a plane point cloud including two or
more of the detection points; and

an estimation unit (104) configured to estimate
the number of occupants for each seat row
based on a shape feature of the upper end line.

The occupant detection device according to claim 1,
wherein

the estimation unit estimates the number of occu-
pants based on the number of upward protruding
peaks of the upper end line.

The occupant detection device according to claim 2,
wherein

the estimation unit estimates a seating position of an
occupant based on a position of the peak in the ar-
rangement direction.

The occupant detection device according to any one
of claims 1 to 3, wherein

the setting unit sets the upper end line based on the
detection points, among two or more of the detection
points included in the plane point cloud, which are
present in a region above a first threshold higher
than a seat surface by a predetermined distance.

The occupant detection device according to claim 4,
wherein

the estimation unit estimates a physique of the oc-
cupant based on a position in a height direction of
the upward protruding peak of the upper end line and
a second threshold set above the first threshold.

The occupant detection device according to any one
of claims 1 to 3, wherein
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the setting unit sets the upper end line by performing
a smoothing process on values of two or more of the
detection points which are located at the upper end
portion of the plane point cloud.

An occupant detection method comprising:

acquiring (S101), based on an intensity of a re-
flected wave generated when a transmission
wave transmitted toward an interior of a moving 70
body is reflected by an object present in the in-
terior, point cloud information indicating a three-
dimensional-coordinate position of the object
moving in the interior as a point cloud including

a plurality of detection points; 15
generating (S102), based on the point cloud in-
formation, a seat row map for each seat row in-
cluding a plurality of seating regions, the seat

row map indicating a distribution of the detection
points in a plane region corresponding to an ar- 20
rangement direction of the plurality of seating
regions and a height direction of the moving
body;

setting (S103) an upper end line along an upper

end portion of a plane point cloud including two 25
or more of the detection points on the seat row
map; and

estimating (S104) the number of occupants for
each seat row based on a shape feature of the
upper end line. 30
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FIG. 2
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FIG. 3
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FIG. 5
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FIG. 7
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